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Abstract 
With ever increasing benefits of non-renewable energy sources, the importance of energy 
storage system is increasing consistently. Power electronics converters are usually used to 
convert the power from renewable sources to match the load demand and grid requirements 
to improve dynamic and steady state characteristics of these green generation systems. 
Therefore, there is growing importance in bidirectional DC to DC converters for interface 
battery with energy sources. As DC to DC bidirectional converters can transfer the power 
between two DC sources in either direction, these converters are widely used in renewable 
energy hybrid power systems. Efficiency, economy and high conversion ratio are the some 
challenges in the development of DC to DC converters. For the low voltage range, non-
isolated DC to DC converters are suitable also; they are fit for DC micro grid voltage levels. 
 
Keywords: Boost mode, Buck mode, Fuzzy controller, non-isolated cascade bidirectional DC 
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INTRODUCTION 
Energy is the key point of global economy. 
It is crucial input to nearly all of the goods 
and services of the modern world. The 
consumption of energy is increased by a 
large amount in last decade; this has also 
increased the global consumption. Sources 
of electric energy are used for different 
purposes in various sectors such as 
industry, agriculture and military for their 
appliances and supplied system types. 
Renewable energy sources such as 
photovoltaic and fuel cells generate 
electricity without any carbon dioxide 
emissions. The floating nature of most 
renewable energy facilities, such as solar 
and wind, makes them unsuitable for 
standalone operation since they are 
strongly affected by weather conditions, 
causing energy variations and stability 
problems in the power network. Hence, 
energy storage devices including batteries 
and super-capacitors are always needed in 
these systems. 
The role of Energy Storage Devices 
(ESDs) in the increasing penetration of 
renewable and sustainable energy sources 
is widely recognized. Several measures 
can be adopted to deal with this problem 
but are generally dependent on the 
existence of some type of ESD. One 
possible measure is to provide 
overcapacity, i.e., increase the amount of 
renewable generation installed in order to 
ensure that even in worst conditions there 
is enough energy to provide a stable grid 
connection. Another measure is to spread 
the installations of renewable generators 
over a wide region, to take advantage of 
weather conditions changing from place to 
place and of smoothing effects expected 
from the complementarily of wind and 
solar energy. A DC-DC converter is a 
category of power converter and it 
converts source of direct current from one 
voltage level to another level. DC-DC 
converter can be desired to transfer power 
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in only one direction. This is main 
disadvantage of simple converter. 
 
To overcome this, almost all DC-DC 
converter can be made bidirectional. 
Bidirectional DC-DC converter plays a 
vital role in such applications, allowing 
energy exchange between storage devices 
and the rest of the system [1]. For energy 
recovery system, there is need of charging 
and discharging of battery which can be 
done using bidirectional DC-DC converter. 
BDCs are used in many applications, such 
as portable devices, spacecraft power 
systems, Uninterruptible Power Supplies 
(UPS), electric vehicles [2], fuel cells and 
renewable energy systems, battery 
chargers aerospace power systems and 
many other industrial applications [3−6]. 
 
The bidirectional DC-DC converter is 
divided into two types, which are non-
isolated and isolated [7]. Isolated converter 
is classified into: 1. Half Bridge, 2. Full 
Bridge, 3. Fly back, 4. Forward Push pull. 
The isolated bidirectional converter size is 
a large more component presented in the 
circuit, core saturation problem, and more 
switching losses is less efficiency as 
compared to the non-isolated bidirectional 
DC-DC converter. Non-isolated converter 
does not use a transformer and has one less 
output rectifier. Without the transformer 
the overall size of the converter can be 
reduced, not only by the absence of a 
bulky component, but wasted heat from 
switching and copper losses is minimized. 
These are classified again: 1. Buck, 2. 
Boost, 3. Buck-Boost, 4. Cuck converter. 
Among these converters, buck-boost 
converter with cascade configuration is 
implemented. The non-isolated converter 
type is generally used where the voltage 
needs to be stepped up or down by 
relatively small ratio and when the input 
and output having no dielectric isolation. 
 
In this study, a voltage controlled non 
isolated bidirectional DC- DC converter is 
implemented, which is having a high 
voltage gain. The closed loop systems are 
performed over open loop system for 
maintaining the operating conditions at 
desired values in presence of normal 
disturbances.
 
 
Figure 1: System diagram. 
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Above given Fig. 1 shows, the basic 
block diagram of system. The load is 
supplied by two sources, one is DC 
source and another is from battery. 
Bidirectional converter operates in buck 
mode when DC source is present. At the 
same time battery will charge. The 
converter will operate in boost mode 
when main DC source is absent, at this 
time load will run on battery. 
 
CIRCUIT DESCRIPTION 
 
Figure 2: Proposed bidirectional DC-DC converter. 
 
The bidirectional operation can be operate 
in four modes of operation those are as 
follows, 
1. Forward buck 
2. Reverse boost 
3. Forward boost 
4. Reverse buck 
 
Mode of operation of converter depends on 
available source and energy storing device 
rating. When surplus power is available at 
main source and energy storing device 
having low rating converter will operate in 
forward buck mode. When there is 
deficiency of power load, will run on 
energy storing device and converter 
operate in reverse boost mode. While 
implementing hardware, only these two 
modes are implemented, remaining two 
modes that are forward boost and reverse 
buck are useful when available source 
rating greater than energy storing device.
 
Table 1: Converter switching. 
Mode Of 
operation 
Switches ON /OFF 
A B C D 
Buck 1 0 0 0 
Boost 0 1 0 1 
 
Table 2: Diode switching. 
Mode 
of operation 
Diodes ON/OFF 
A B C D 
Buck 0 1 0 0 
Boost 1 0 0 0 
 
In proposed configuration four switches 
(IGBT), i.e., A,B,C and D are connected in 
cascade, two switch connected in one limb 
and four diodes (D1, D2, D3, D4) are anti-
parallel connected across each switch 
respectively, inductor also connected 
between two limbs through relay as shown 
in Fig. 
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BUCK MODE (P to Q) 
 
Figure 3: Proposed converter in buck mode. 
 
In buck mode inductor will not come in 
picture because frequency management in 
buck mode is very difficult. As shown in fig. 
in buck mode power flow is form P to Q side 
with switching of IGBT’s and diodes as 
shown in Table 1 and 2. It shows that only 
switch A is ON and remaining switches are 
OFF and the power flow is P-A-Nc-D4-Q. 
To control output voltage duty cycle of 
switch A is adjusted by controller.
 
BOOST MODE (Q to P) 
 
Figure 4: Proposed converter in boost mode. 
 
In boost mode inductor come into picture 
and the switching as per the above tables 
which shows only IGBT B and D are ON 
and the power flow is Q-B-L-D-P and to 
control converter output, duty cycle of 
switch D is adjusted by controller. 
 
CONTROLING METHOD 
Fuzzy logic is not a control methodology 
but is a way of processing data by allowing 
partial set membership function. Below 
block diagram shows the working of fuzzy 
logic controller which is divided into three 
main steps: 
1. Fuzzification  
2. Inference  
3. Defuzzification 
In this process, Non fuzzy data is 
presented, then it is converted into fuzzy 
set using fuzzifier with the help of 
linguistic variables, fuzzy linguistic terms 
and membership function. The most 
important thing of fuzzy logic is a 
numerical value doesn’t have to be 
fuzzified using one membership function. 
Triangular, Gaussian, Trapezoidal, 
Generalized Bell and Sigmoidal are some 
membership functions. Also rule base is 
important in fuzzy logic controller.
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Figure 5: Diagram showing controlling method 
 
 
Table 3: Comparison of Various Time Domain Specifications 
Sr. no Controller Used 
Delay Time 
( Td)in sec 
Rise Time 
(Tr)in sec 
 
Settling 
Time (Ts) 
in sec 
Peak 
Overshoot 
(Mp) in % 
1. 
PID 
CONTROLLER 
0.1 0.3 16 13 
2. 
Fuzzy Logic 
Contro Ller 
1 1.03 3.85 2.7 
 
Basic Steps of Fuzzy Inference 
Structure (FIS) 
The algorithm of fuzzy rule-based 
inference consists of four steps given as 
follows: 
Fuzzy Matching: Input data match the 
condition of fuzzy rules to calculate the 
degree of it. 
Inference: It works as a processing of 
obtained membership functions and rules. 
Combination: In this the combination of 
the conclusion inferred by all fuzzy rules 
into a final conclusion. 
Defuzzification: It converts the fuzzy 
value into numerical value and it is exactly 
opposition of fuzzification. 
 
HARDWARE 
 
Figure 6: Hardware setup. 
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The experiment setup is shown in Fig., 
IGBT 25N120 is used as switch. The 
controller used in the prototype is Arduino 
controller ATMEGA328. The hardware 
results are shown below, output pulse from 
driver IC MCT2E which is given to 
switches.  
 
Table 4: Shows input and output voltage of converter 
 
 
 
CONCLUSION 
In this study, non-isolated DC-DC 
bidirectional converter is proposed. Design 
of fuzzy logic controller for buck and boost 
made by using MATLAB/SIMULINK has 
been successfully achieved. The 
simulation results of buck-boost mode 
verify the operating principle. The cascade 
configuration of the converter is 
implemented. The topology is modified 
from conventional buck-boost converter. 
The FLC based control strategy is used to 
control the converter operation. Fuzzy 
controlling is adaptive controlling method 
to control constant output voltage to 
battery as well as load. Also, the 
efficiencies are around 91% at no load and 
78% at full load are achieved. 
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